1. Background {#sec77949}
=============

Urinary tract infections (UTIs) are among the most frequent infections acquired in the community and in hospitals. It is estimated that \> 20% of females get UTI in their lifetime and this rate may increase to 30--40% in elderly males and females due to prostatic and gynaecological surgeries ([@A13792R1]). Three decades after their emergence, extended-spectrum β-lactamases (ESBLs) have become one of the most important drug resistance mechanisms for common uropathogens, including *Escherichia coli* and *Klebsiella pneumoniae*. In 2011, the European Centre for Disease Control and Prevention stated that the prevalence of ESBL-positive *E. coli* has significantly increased in more than half of the 28 European countries over the past four years ([@A13792R2]). Formerly, the Clinical and Laboratory Standards Institute (CLSI) ([@A13792R3]) had recommended avoidance from many classes of β-lactams, including penicillins, cephalosporins and monobactams for treatment of ESBL-positive infections, regardless of the susceptibility test results. Though this suggestion has recently changed ([@A13792R4]), conflict still exists, particularly on β-lactam plus β-lactamase inhibitor combinations. Furthermore, there is less data regarding the clinical success of these drugs.

2. Objectives {#sec77950}
=============

The purpose of this study was to assess the clinical and microbiological outcomes of ESBL-positive UTIs in patients treated with amoxicillin-clavulanic acid (AMC), in which the infecting organism was susceptible to this drug in vitro.

3. Patients and Methods {#sec77954}
=======================

3.1. Study Design {#sec77951}
-----------------

A retrospective cohort study was conducted with the collaboration of the urology clinics of a university hospital and a state hospital in Malatya City, Turkey, between September 2010 and October 2013. A total of 652 patients with UTIs caused by ESBL-producing organisms were reviewed. Of these, 81 patients who were infected with AMC-susceptible strains were identified, of which 46 were eligible for this study. Patients' data including age, gender and clinical progress were collected via chart review from the hospital data management system. This study was approved by the Inonu University Human Ethical Committee (ref No.: 2010/76).

3.2. Definitions {#sec77952}
----------------

The cases with clinical symptoms (dysuria, urgency and frequency), pyuria, and significant bacterial growth (≥ 105 cfu/mL) on culture were diagnosed as UTIs. Positive clinical response was defined as complete resolution of the symptoms and signs of infection. Negative clinical response was defined as no improvement or deterioration of these signs and symptoms despite treatment. Positive microbiological response was considered if the organism could not be isolated in repeat cultures during or after the course of AMC therapy. Negative microbiological response was defined as the continuation of pathogen growth on the bacterial culture despite appropriate antimicrobial treatments.

3.3. Urinalyses and Culture {#sec77953}
---------------------------

Midstream urine samples were collected aseptically and urinalyses including biochemical measurements, microscopic examination and bacteriologic culture were performed for each patient's sample. The collected samples were inoculated on blood agar and eosin-methylene blue agar media (Oxoid, UK) using a standard loop. The bacterial strains were identified using standard microbiological methods. Antimicrobial susceptibility and ESBL production of the organisms were investigated using the disc diffusion method and the double-disc synergy test, respectively, according to CLSI guideline ([@A13792R4]). The minimum inhibitory concentration (MIC) of AMC for the studied strains was measured using E-test strips (BioMerieux, France), according to the manufacturer's protocol. Fisher's exact test was used to analyze the data. P \< 0.05 was accepted as statistically significant.

4. Results {#sec77955}
==========

In total, 46 patients who had UTIs due to AMC-susceptible ESBL-positive organisms between September 2010 and October 2013 were studied. Thirty-two of the patients were female and 14 were male. The mean age of the patients was 43.9 years (range: 4-85). Cystitis was diagnosed in 23 patients, vesicoureteral reflux in seven patients, six patients had hyperactive bladder, and 10 had prostatitis. *E. coli* (n = 31) was the most frequent causative organism of the UTIs, followed by *K*.*pneumoniae* (n = 14) and *K*.*oxytoca* (n = 1). After the AMC treatment, no bacterial growth (positive microbiological response) was detected in 41 of the patients (89.1%), while significant bacteriuria continued in the other 5 (10.8%). Thirty-nine patients (84.7%) reported complete resolution of UTI symptoms after the treatment (clinical cure). Persistent clinical complaints were recorded in two patients despite of AMC management, thought their urine cultures yielded no growth (positive microbiological response but no clinical response). In five patients whose urine cultures remained positive after the treatment, no clinical improvement was also reported. Isolate distribution and therapy responses are shown in [Table 1](#tbl19804){ref-type="table"}.

The MIC distribution of AMC for the tested strains was in the 0.5--8 µg/mL range. The MIC50 was 2 and the MIC90 was 8 µg/mL. MIC values of the strains are shown in Table 2. Statistical analysis showed that higher MICs of AMC (8 μg/mL) were associated with therapeutic failure (71.4% vs. 5.1%, P = 0.0001) and no therapeutic failure was observed in the pathogens with ≤ 2 μg/mL AMC MIC. Additionally, therapeutic failure was significantly more prevalent in Klebsiella spp. Than in E. coli (33.3% vs. 6.5%, P = 0.029). Clinical responses according AMC MICs of the infecting organisms are shown in [Figure 1](#fig15057){ref-type="fig"}.

![AMC MIC Values and Treatment Outcomes](jjm-08-01-13792-i001){#fig15057}

###### Outcomes of the Amoxicillin-Clavulanic Acid Treatment According to the Infection Types and the Infecting Organisms

  Infection Type                               Therapy Responses        
  -------------------------------------------- ------------------- ---- ----
  **Cystitis (n = 23)**                                                 
  *E. coli*                                    15                  15   \-
  *K. pneumoniae*                              6                   5    1
  *K. oxytoca*                                 1                   \-   \-
  **Vesicoureteral reflux-cystitis (n = 7)**                            
  *E. coli*                                    4                   4    1
  *K. pneumoniae*                              1                   1    1
  *K. oxytoca*                                 \-                  \-   \-
  **Hyperactive bladder-cystitis (n = 6)**                              
  *E. coli*                                    4                   4    \-
  *K. pneumoniae*                              2                   2    \-
  *K. oxytoca*                                 \-                  \-   \-
  **Prostatitis (n = 10)**                                              
  *E. coli*                                    7                   7    1
  *K. pneumoniae*                              1                   1    1
  *K. oxytoca*                                 \-                  \-   \-
  **Total**                                    41                  39   5

###### Amoxicillin-Clavulanic Acid Minimum Inhibitory Concentrations of the Infecting Organisms ^[a](#fn17148){ref-type="table-fn"},[b](#fn17149){ref-type="table-fn"}^

  MIC Values      AMC MICs (μg/mL)              
  --------------- ------------------ ----- ---- -------
  **MIC50**       2                  4     \-   2
  **MIC90**       8                  8     \-   8
  **MIC Range**   0.5-8              1-8   8    0.5-8

^a^ Abbreviations: AMC, amoxicillin-clavulanic acid; MIC, minimum inhibitory concentration.

^b^ Single isolate.

5. Discussion {#sec77956}
=============

The conventional therapy of UTIs consists of antibiotic administration for 3-10 days. However, treatment of these infections is sometimes problematic due to the emergence of ESBL-mediated resistance among common uropathogens including *E. coli* and *K. pneumoniae*. Plasmids encoding ESBL genes frequently contain co-resistance determinants for aminoglycosides, sulphonamides and quinolones. Regarding their excellent activity against ESBL producers, carbapenems have been suggested as the most reliable drugs for the treatment of infections caused by such pathogens ([@A13792R5]).

Therefore, their utilization has dramatically increased worldwide along with the spread of ESBL resistance, and consequently, excessive use of carbapenems due to the increasing incidence of ESBL-positive infections has resulted in the emergence of carbapenem resistance in Gram-negative enteric bacilli and other nosocomial pathogens ([@A13792R6]-[@A13792R8]).

The prevalence of ESBL-producing *Enterobacteriaceae* varies worldwide, but it is assumed to reach as high as 40% for *E. coli* and 90% for *K. pneumoniae* in some countries ([@A13792R9]). Today, ESBL-mediated resistance is not only limited to healthcare facilities; it has become a significant public health concern because of the spread of ESBL genes among the pathogens causing community-acquired UTIs ([@A13792R10]). Increasing trends in ESBL prevalence and in the carbapenem resistance among *Enterobacteriaceae* have augmented the need for maximum expediency from the available alternative drugs such as AMC. AMC is an aminopenicillin plus β-lactamase inhibitor combination which comes in both parenteral and oral forms. It can be prescribed for almost all age groups. It is a relatively safe drug during pregnancy ([@A13792R11]) and is a relatively inexpensive antibiotic. Additionally, it has good tissue penetration and is mainly excreted from urine.

Weber et al. ([@A13792R11]) reported that AMC reached 2--3 times higher urine concentrations than the effective MIC levels and remained at these concentrations in \> 75% of the dosing intervals. Unlike many other penicillin plus sulbactam combinations and the first- and second-generation cephalosporins, this drug may be effective for some ESBL producers due to its clavulanate component. However, the clinical efficacy of AMC treatment remains unknown for many infection types that are caused by ESBL-producing organisms. In a recent study, Rodriguez-Bano et al. ([@A13792R12]) compared the impact of β-lactam plus β-lactamase inhibitor combinations with carbapenems on the outcome of bloodstream infections due to ESBL-producing *E. coli* in a post-hoc analysis. They did not find any significant difference in 30-day mortality between the patients treated with AMC or piperacillin-tazobactam (PTZ) and those treated with carbapenems. Therefore, the authors emphasized that AMC and PTZ were suitable alternatives for carbapenems for treating patients with serious infections due to ESBL-producing organisms if active in vitro, and would be particularly useful as a definitive therapy.

In some case reports, successful clinical outcomes have been reported regarding oral AMC treatment in prostatitis caused by ESBL-producing *E. coli* ([@A13792R13]). Nevertheless, the data regarding the outcomes of AMC treatment in the UTIs caused by ESBL producers is still limited. In this study, we evaluated the clinical results of oral AMC treatment in 46 patients with ESBL-positive UTIs. We observed that almost 90% of the patients' urine cultures became negative following the treatment and the majority of AMC-treated patients reported complete resolution of their clinical symptoms ([Table 1](#tbl19804){ref-type="table"}). Urinalyses and culture confirmed that these patients fully recovered from their current UTIs. However, among the patients whose urine cultures turned to be negative, two patients reported persistence of the clinical symptoms. Significant leukocyturia was also present in these two patients. Therefore, their antimicrobial therapies were substituted with imipenem and both recovered. No positive clinical or microbiological responses were observed in the five patients, though they received adequate dose and time of AMC treatment.

In the follow-up cultures, MICs of AMC were found increased over the resistance breakpoints and we assumed that the therapeutic failures with these patients could be attributed to this developing resistance. When we considered the patients with therapeutic failure, we observed that four of five isolates of these patients had AMC MIC at 8 µg/mL and the remaining one strain had it at 4 µg/mL. In the control culture that was performed after the treatment, we detected that AMC MICs of these five isolates increased to 128 or ≥ 256 µg/mL. This possibly occurred because of the fact that AMC-resistant mutant strains might become predominant in the infection area, or overexpression of the ESBL enzyme could be stimulated, or the infecting agents might acquire additional resistance genes under AMC treatment. Similarly, the MICs of the strains isolated from the two patients who had positive microbiologic responses but no clinical response, were as high as 4 µg/mL and 8 µg/mL. On the other hand, we determined that no resistance developed in the strains with AMC MIC ≤ 2 µg/mL. Therefore, we thought that the risk of therapeutic failure was closely related to the increasing AMC MIC of the infecting organism ([Figure 1](#fig15057){ref-type="fig"}).

In the patients with therapeutic failure, increased AMC MICs were detected in two *E. coli* and three *K. pneumoniae* strains after the treatment. Additionally, in two patients whose cultures were not clinically improved but the control cultures were negative, *K. pneumoniae* and *K. oxytoca* were the infecting agents ([Table 1](#tbl19804){ref-type="table"}). Our results showed that positive clinical response could not be obtained in more than one third of the patients whose infecting agents were *Klebsiella*spp. Correspondingly, higher AMC MICs were detected in *Klebsiella*spp. isolates than in *E. coli* strains in our study ([Table 2](#tbl19805){ref-type="table"}). Subsequently, we observed that therapeutic failure was more frequent in *Klebsiella* strains, most likely due to the fact that these agents had high MICs to AMC. In this study, we determined that AMC had a satisfactory clinical activity in the patients with UTIs caused by ESBL-producing AMC-susceptible organisms. Therapeutic failure was observed in a few patients. Therefore, we believe that this drug may be a good therapeutic option for ESBL-positive UTIs treatment, if it is active in susceptibility testing. However, physicians must keep in mind that the infecting agent may develop resistance, especially if it has a high MIC.
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